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Aims: To test the hypothesis that oral parafunctions and symptomatic 
temporomandibulair joint (TMJ) hypermobility are risk factors in ado-
lescents for both anterior disc displacement with reduction (ADDR) 
and intermittent locking. Methods: Participants were two hundred sixty 
12- to 16-year-old adolescents (52.3% female) visiting a university clin-
ic for regular dental care. ADDR and symptomatic TMJ hypermobil-
ity were diagnosed using a structured clinical examination. During the 
anamnesis, reports of intermittent locking and of several parafunctions 
were noted, eg, nocturnal tooth grinding, diurnal jaw clenching, gum 
chewing, nail biting, lip and/or cheek biting, and biting on objects. The 
adolescents’ dentitions were examined for opposing matching tooth-
wear facets as signs of tooth grinding. Risk factors for ADDR and in-
termittent locking were first assessed using univariate logistic regression 
and then entered into a stepwise backward multiple model. Results: 
While in the multiple model, ADDR was weakly associated only with 
increasing age (P = .02, explained variance 8.1%), intermittent lock-
ing was weakly correlated to diurnal jaw clenching (P = .05, explained 
variance 27.3%). Conclusion: In adolescence, diurnal clenching may 
be a risk factor for intermittent locking while age may be a risk factor 
for ADDR. Symptomatic TMJ hypermobility seems to be unrelated to 
either ADDR or to intermittent locking. J OROFAC PAIN 2011;25:153–160
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Anterior disc displacement with reduction (ADDR) is the most 
common temporomandibular joint (TMJ) internal derange-
ment encountered in adults and in children.1 In a TMJ with 

an ADDR, in the closed mouth position, the articular disc is located 
anteriorly to the condyle. During mouth opening, the disc reduces 
by slipping back on top of the condyle, while at the end of closing, 
it again becomes anteriorly dislocated.2

ADDR is usually pain free and manifests itself by reciprocal click-
ing joint sounds at the moments of disc reduction and dislocation.3 
However, ADDR can sometimes develop into a more serious con-
dition, as disc reduction may become hampered and may thereby 
cause a mouth-opening limitation.2 The loss of reducing capacity can 
be temporary because some subjects with an ADDR report periods 
of sudden, transient, and often painful movement limitations (inter-
mittent locking).4–6 Reports of intermittent locking have been found 
predictive of the permanent loss of disc reduction (an anterior disc 
displacement without reduction, ADDWoR).4,7 The latter condition 
is only rarely accompanied by signs of  locking,7 and, if such signs are 
present, these generally subside in time.8,9
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The etiology of ADDR may include several risk 
factors such as microtraumatic events resulting 
from oral parafunctions, hypermobility, and de-
generation of the TMJ.10 So far, however, the role 
of parafunctions in ADDR development is unclear 
because most studies have explored parafunctional 
activities in relation to clicking TMJ sounds11–13 that 
are not only characteristic for ADDR, but also for 
other internal derangements.14 Furthermore, while 
systemic hypermobility has been related to ADDR,15 

it is as yet unclear whether local symptomatic TMJ 
hypermobility (ie, characterized by jerky jaw move-
ments and clicking joint sounds when the condyle 
snaps over the apex of the eminence) has a role in 
the onset of ADDR. Moreover, TMJ degeneration 
is not likely related to ADDR development because 
ADDR prevalence was found to increase in chil-
dren, especially in adolescence, and not in adult-
hood, which would be expected if degeneration was 
involved.1,16 This finding indicates that the risk fac-
tors for ADDR are most active during adolescence 
and, therefore, should be sought in that age period.

As yet, intermittent locking has not been studied 
thoroughly, and data on its risk factors and preva-
lence is scarce. In a recent experimental study, it was 
found that loading of the TMJ by means of an in-
tensive chewing task may temporarily hamper disc 
reduction in subjects reporting intermittent locking.6 

This finding suggests that joint loading during oral 
parafunctions may contribute to intermittent locking.

Therefore, the aim of this study was to test the hy-
pothesis that oral parafunctions and symptomatic 
TMJ hypermobility are risk factors in adolescents 
for both ADDR and intermittent locking.

Materials and Methods

Participants

The study sample was comprised of 260 adoles-
cents, aged 12 to 16 years, who consecutively visited 
the students’ clinic at the Academic Center for Den-

tistry Amsterdam (ACTA) in the period from Sep-
tember 2006 to March 2007 for regular dental care. 
The adolescents and their parents gave informed 
consent prior to participating; only one 16-year-old 
boy refused participation. The mean age of the sam-
ple was 14.0 ± 1.4 years, and 52.3% were female. 
The numbers of 12-year-old through 16-year-old 
participants were similar, and the female-to-male 
ratios were balanced (Table 1). All participants 
spoke Dutch fluently. This study was reviewed and 
approved by the Medical Ethics Committee of the 
VU University, Amsterdam, The Netherlands.

Clinical Examination

During the anamnesis, a structured checklist was 
used in order to document the adolescents’ aware-
ness of intermittent locking (ie, transient periods of 
sudden inability to open the mouth completely, dur-
ing which joint clicking disappears), previous trauma 
to the orofacial area (eg, a blow to the lower jaw or 
TMJ area), and parafunctional activities (Table 2). 
The parafunctional activities included diurnal jaw 
clenching, gum chewing, nail biting, lip and/or cheek 
biting, and biting on objects (pens, pencils, etc). The 
adolescents were also asked whether they performed 
tooth grinding at night, or were told so by their fam-
ily or friends. For all questions, the participants had 
to choose between possible answers “yes” or “no.” 
The participants were questioned in a standardized 
way and, depending on the level of their maturation, 
questions were sometimes additionally explained in 
order to improve understanding.

During the physical examination, the partici-
pants’ dentitions were inspected for the presence 
or absence of opposing matching tooth-wear fac-
ets, which are considered an intraoral sign of tooth 
grinding.17 The amount of active maximum mouth 
opening was measured. The presence of joint click-
ing was observed by means of palpation while 
each participant was performing the following jaw 
movement tasks: maximal open-close movements, 
maximal opening and loaded closing movements (ie, 
with a manually applied, downward directed force 
of about 30N on the chin), and maximal open-close 
movements from a protruded jaw position (eg, from 
the incisal end-to-end position; elimination test).18 

There were at least three trials per task.
An ADDR was diagnosed on the basis of the fol-

lowing clinical criteria,14,18,19 modified from the Re-
search Diagnostic Criteria for TMD (RDC/TMD)20: 

(1) clicking on opening and (loaded) closing, repro-
ducible on at least two of three consecutive trials 
and (2) elimination of clicking on open-close move-
ments from a protruded jaw position.

Table 1  Number of Participants, Age, and Gender  
               Distribution in the Study Sample

Age (y) N Male (%) Female (%)

12 49 29 (59.2) 20 (40.8)

13 54 27 (50) 27 (50)

14 54 19 (35.9) 35 (64.1)

15 57 27 (47.4) 30 (52.6)

16 46 22 (47.8) 24 (52.2)

Total 260 124 (47.7) 136 (52.3)
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Symptomatic TMJ hypermobility was diagnosed 
on the basis of the following clinical criteria:18, 19 (1) 
clicking in the late part of opening and early part 
of (loaded) closing, in combination with jerky jaw 
movements, reproducible on at least two of three 
consecutive trials and (2) no elimination of click-
ing on open-close movements from a protruded jaw 
position.

Statistical Analyses

The prevalence of ADDR and reported intermittent 
locking in at least one of the joints was calculated 
for the study sample. Risk factors for these internal 
derangements were assessed using logistic regres-
sion analyses. In the analyses, TMJ diagnoses were 
used per subject, irrespective of the unilateral or bi-
lateral character of the diagnoses.

The independent variables for the outcome vari-
able “ADDR” were age, gender, history of trauma, 
reported parafunctions, observed matching tooth-
wear facets, and symptomatic TMJ hypermobility. 
Participants without an ADDR diagnosis at the time 
of examination but reporting to have experienced 
intermittent locking were excluded from analysis in 
order to avoid inclusion of cases with ADDWoR as 
healthy. Univariate logistic regression analyses were 
used to examine which independent variables were 
significantly associated with the outcome variable 
(P ≤ .05). Subsequently, the significant variables 
were entered into a stepwise backward logistic mul-
tiple regression model (P value to remove = .05) to 
identify the subset of independent variables that was 
best associated with the outcome variable. Odds ra-
tios (OR) and their confidence intervals (CI) were 
obtained.

The independent variables for the outcome vari-
able “reported intermittent locking” were the same 
as for “ADDR.” Healthy participants (ie, subjects 
without an ADDR at the time of examination and 
not reporting intermittent locking) were excluded 
from the analysis as the loss of disc reduction is in-
herent to the presence of a disc displacement. The 
logistic regression analysis for the outcome variable 
“reported intermittent locking” was performed as 
described above.

Furthermore, logistic regression analysis was 
performed as described above in order to test the 
association of the presence of opposing matching 
tooth-wear facets with reported nocturnal tooth 
grinding, corrected for other parafunctions, gender, 
and age. All analyses were carried out with SPSS for 
Windows, version 16.0 (SPSS, IBM).

Results

The prevalence of ADDR and reported intermittent 
locking in at least one of the joints in the sample was 
5% (7.9% for the girls, 2.5% for the boys; 13 sub-
jects in total) and 6.2% (9.6% for the girls, 2.5% 
for the boys; 16 subjects in total), respectively. Of 
the adolescents diagnosed with an ADDR, 46.2% 
reported intermittent locking (ie, 2.3% of the study 
sample, or 6 subjects). From the children without 
an ADDR diagnosis, 4.1% reported to have expe-
rienced intermittent locking (ie, 3.9% of the study 
sample, or 10 subjects). ADDR and intermittent 
locking were unilateral, except for one 15-year-old 
female who had a bilateral ADDR.

The univariate logistic regression analysis indicated 
that age and symptomatic TMJ hypermobility were 
associated with the presence of an ADDR (Table 3). 
In the multiple logistic regression analysis, only age 
was associated with the presence of an ADDR (OR 
= 1.8, CI 1.1–3.0, P = .02, explained variance 8.1%).

The logistic regression analysis indicated already at 
the univariate level that, from all variables, reported 
intermittent locking was associated with reported 
diurnal jaw clenching (OR = 10, CI 1.0–104.5, P = 
.05, explained variance 27.3%; Table 4). The univari-
ate analyses for reported intermittent locking in rela-
tion to reported nocturnal grinding and gum chewing 
could not be processed because of low counts of sub-
jects reporting grinding and high counts of subjects re-
porting gum chewing, respectively (Table 4). However, 
the distribution of these counts over the subgroups of 

Table 2   Questions Posed to the Participants During the                            
Oral History

1. Have you ever experienced brief periods 
during which your jaw would suddenly get 
locked, so that your mouth couldn’t open 
completely and your jaw would stop  
producing clicking sounds? 

yes / no

2. Have you ever had a trauma to your face,  
such as a blow to the jaw or the area of the 
joint?

yes / no

3. Do you grind your teeth at night, or were  
you told so by your family members or 
friends?

yes / no

4. Do you have the habit of clenching your 
 jaws during the daytime? 

yes / no

5. Do you have the habit of chewing gum? yes / no

6. Do you have the habit of nail-biting? yes / no

7. Do you have the habit of lip- and/or cheek-
biting?

yes / no

8. Do you have the habit of biting on objects, 
such as pens or pencils?

yes / no
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participants reporting, or not reporting, intermittent 
locking suggested no correlation between intermittent 
locking and these two reported parafunctions.

The univariate logistic regression analysis for op-
posing matching tooth-wear facets showed that their 
presence was associated to reported nocturnal tooth 
grinding (P = .004) and increasing age (P = .01). 
Tooth grinding remained a significant factor (OR = 
2.8, CI 1.4–5.8 , P = .008) in the multiple analysis.

Discussion

In the present study, the hypothesis was tested that 
oral parafunctions and symptomatic TMJ hyper-
mobility in adolescents increase the risk for both 
ADDR and reported intermittent locking. The hy-
pothesis was partially rejected because only report-
ed intermittent locking was found to be related to a 
parafunctional activity, eg, to diurnal jaw clenching.

Table 3  Univariate and Multiple Logistic Regression Analysis of Risk Factors for ADDR in at Least One of the TMJs

Univariate analysis Multiple analysis

Variable Count (%) P OR 95% CI P OR 95% CI

Age (continuous, in years) .02 1.814 1.117–2.946 .02 1.814 1.117–2.946

Gender

Boys 123 (49.2) Reference — — —

Girls 127 (50.8) .07 3.448 0.926–12.847

History of trauma 

No 141 (56.4) Reference — — —

Yes 109 (43.6) .71 0.807 0.256–2.54

Reported parafunctions 

Nocturnal tooth grinding

No 216 (86.4) Reference — — —

Yes 34 (13.6) .53 0.513 0.064–4.074

Diurnal clenching

No 172 (68.8) Reference — — —

Yes 78 (31.2) .57 1.396 0.441–4.412

Gum chewing

No 14 (5.6) Reference — — —

Yes 236 (94.4) .74 0.7 0.084–5.8

Nail biting

No 113 (45.2) Reference — — —

Yes 137 (54.8) .11 2.91 0.781–10.843

Lip and/or cheek biting

No 139 (55.6) Reference — — —

Yes 111 (44.4) .47 1.506 0.491–4.619

Biting on objects

No 155 (62) Reference — — —

Yes 95 (38) .96 1.032 0.328–3.254

Matching tooth-wear facets

No 164 (65.6) Reference — — —

Yes 84 (33.6) .57 1.41 0.434–4.586

Symptomatic TMJ hypermobility

No 232 (92.8) Reference — — —

Yes 17 (6.8) .03 4.757 1.175–19.266

ORs were calculated relative to the reference value of the variable. Explained variance of the multiple logistic regression model: 8.1%.
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The overall prevalence of ADDR in the current 
adolescent sample was lower than previously re-
ported.1 This discrepancy could be related to differ-
ences in diagnostic techniques (eg, palpation versus 
palpation and auscultation in the former study) or 
differences in study samples (eg, smaller sample 
size, lower socioeconomic status, and higher num-
bers of nonCaucasian participants in the current 
sample compared to that in the former study), al-

though race was previously found to be unrelated 
to ADDR.1

The multiple logistic regression analysis for 
ADDR showed that this condition was related to an 
increasing age in adolescence, which corroborates 
earlier results.1,16  This finding supports the con-
cept that changes in intra-articular spatial relations 
in adolescence may induce an ADDR.21 Since joint 
morphology and intra-articular spatial dimensions 

Table 4  Univariate Logistic Regression Analysis of Risk Factors for Reported 
               Intermittent Locking in at Least One of the TMJs

Univariate analysis

Variable Count (%) P OR 95% CI

Age (continuous, in years) .87 0.943 0.458–1.943

Gender

Boys 4 (17.4) Reference

Girls 19 (82.6) .8 0.722 0.062–8.464

History of trauma 

No 11 (47.8) Reference

Yes 12 (52.2) .15 4.167 0.607–28.621

Reported parafunctions 

Nocturnal tooth grinding

No 20 (87) —  — —

Yes 3 (13)

Diurnal clenching

No 12 (52.2) Reference

Yes 11 (47.8) .05 10.02 1.011–104.48

Gum chewing

No 1 (4.3) — — —

Yes 22 (95.7)

Nail-biting

No 6 (21.6) Reference

Yes 17 (73.9) .2 3.25 0.461–22.927

Lip- and/or cheek-biting

No 11 (47.8) Reference

Yes 12 (52.2) .56 1.714 0.29–10.303

Biting on objects

No 16 (69.6) Reference

Yes 7 (30.4) .89 1.136 0.16–7.995

Matching tooth-wear facets 

No 15 (65.2) Reference

Yes 8 (34.8) .67 0.667 0.106–4.206

Symptomatic TMJ hypermobility

No 19 (82.6) Reference

Yes 4 (17.4) .36 0.357 0.039–3.256

ORs were calculated relative to the reference value of the variable. Explained variance of the univariate 
logistic regression model for diurnal clenching: 27.3%.

© 2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



 

158 Volume 25, Number 2, 2011

Kalaykova et al

change in adolescence,22,23 space insufficiency within 
the TMJ may develop, leading to a disc positional 
change. On the other hand, ADDR was not found 
to be related to symptomatic TMJ hypermobility, 
defined and diagnosed on the basis of the jerky jaw 
movements arising from the interference of the ar-
ticular eminence with condylar movement.18,19 Sev-
eral previous studies did find a relationship between 
ADDR and condylar hypermobility, defined as con-
dylar translation beyond the eminence at maximum 
mouth opening.24,25 Such condylar translation, how-
ever, is observed not only in subjects with sympto-
matic TMJ hypermobility, but also in up to 80% of 
those without it.26,27 This indicates that such condy-
lar translation merely reflects physiologic condylar 
mobility. Therefore, it was not the condylar trans-
lation beyond the eminence, but rather the jerky 
jaw movements during such condylar translation 
that were used in the diagnosis of a hypermobility 
derangement of the TMJ. In fact, the term “TMJ 
hypermobility” is inappropriate because no exces-
sive mobility occurs in those TMJs. Therefore, it is 
suggested that instead of “TMJ hypermobility,” the 
term “condyle-eminence interference” be used as it 
better reflects the character of this functional TMJ 
disorder.

Intermittent locking was reported by 6 adoles-
cents diagnosed with an ADDR (ie, 46.2% of the 
ADDR subjects, or 2.3% of the study sample). 
Since reported intermittent locking is predictive of 
ADDWoR development,4,7 this suggests that these 
adolescents may be at higher risk of permanently 
losing their joint’s reducing ability. This may already 
have happened in those participants in the sample 
who reported to have experienced locking but were 
asymptomatic at the time of examination (ie, with-
out having an ADDR or a limited mouth opening). 
An ADDWoR is often free of clinical symptoms, 
such as a movement limitation and pain.7,28 That 
3.9% of the participants in the sample (ie, 10 sub-
jects) may have an ADDWoR may be in line with a 
previously reported ADDWoR prevalence of 8% in 
an adult nonpatient sample as detected on magnetic 
resonance imaging (MRI).29 Although an ADDWoR 
is often asymptomatic, its possible long-term con-
sequences in young subjects, eg, an impaired man-
dibular growth,30,31 remain to be determined.

While oral parafunctions were not found to be 
risk factors for ADDR, reported diurnal jaw clench-
ing was found to be a risk factor for reported inter-
mittent locking. This suggests that parafunctional 
loading may contribute to the temporary loss of 
reduction of an anteriorly displaced disc, while hav-
ing no significant role in ADDR onset. When the ar-
ticular disc is properly interposed, its intermediate 

zone can sustain heavy loading.32 If intra-articular 
changes during growth in adolescence have lead to 
an ADDR, loading upon the posterior aspect of the 
disc and/or its bilaminar zone, both structures with 
no load-bearing function,33 may influence the disc 
reduction. The effect of loading was demonstrated 
recently in an experimental study in which subjects 
with ADDR who reported intermittent locking were 
found prone to temporarily lose their reducing ca-
pacity after an intensive chewing exercise.6 An in-
creased intra-articular friction resulting from the 
loading,34 or a hyperactivity of the lateral pterygoid 
muscle,35 were suggested as possible mechanisms to 
prevent the anteriorly displaced disc from reducing.

The “gold standard” for the assessment of noc-
turnal tooth grinding is a recording of the nocturnal 
masticatory muscle activity by means of polysom-
nography.36 However, as this technique is costly and 
has low availability, nocturnal grinding is usually 
assessed on the basis of self-report or by the pres-
ence of clinically documented tooth-wear facets.37,38 

Tooth wear has a discriminative capacity between 
young adult sleep bruxers and control subjects.39 

The adolescents’ anamnestic report of grinding in 
the present study was found to be significantly cor-
related to the presence of matching tooth-wear fac-
ets. In combination with the finding of Abe et al,39 

this suggests that selfreport of grinding may be con-
sidered an indicator for nocturnal tooth grinding.

ADDR and symptomatic TMJ hypermobility 
were diagnosed using clinical criteria, which have 
shown a good reliability.19 The criteria have been 
tested for their concurrent validity in comparison to 
optoelectronic movement recordings and MRI, and 
good agreement was found with diagnoses based 
on movement recordings.18 The clinically detected 
ADDR and symptomatic TMJ hypermobility usu-
ally agreed with the MRI diagnoses, while MRI 
often diagnosed those derangements in clinically 
symptom-free joints. The latter discrepancy could 
be related, among others, to existence of biologi-
cal variations in TMJ intra-articular anatomy or to 
uncertainty in MRI interpretation.18 Based on these 
outcomes,18,19 and because of practical and financial 
reasons, the use of the clinical criteria seems to be 
sufficient for establishing diagnoses of TMJ internal 
derangements in clinical studies with large samples. 

Intermittent locking was assessed on the basis of 
self-report, which is inevitably subjective. Therefore, 
it cannot be excluded that mechanisms other than a 
temporarily nonreducing disc could have been re-
sponsible for the reported movement limitations, eg, 
fear of movement or muscle pain. However, these 
mechanisms are not likely to have been involved be-
cause the onset and duration of the limitation due to 
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fear of movement or muscle pain would have been 
different from those due to intermittent locking (viz, 
a gradual and persistent versus a sudden and tran-
sient limitation, respectively). Moreover, positive 
reports of movement limitations due to pain only 
(hence, without the feeling of a locked jaw) were not 
regarded as intermittent locking to avoid inclusion 
of myogenous limited mouth openings. Currently, 
the use of self-report of a significant mouth-opening 
limitation is generally accepted, even mandatory in 
the clinical diagnosis of an ADDWoR.3,20

This study has determined risk factors for ADDR 
and for intermittent locking. Only the adolescents’ 
awareness of the presence or absence of parafunc-
tions was noted and not their severity and duration 
in relation to ADDR and intermittent locking. These 
features should be taken into account in future stud-
ies to assess possible dose-response relationships. 
However, as participants may be unable to assess 
the severity of some parafunctions (eg, grinding and 
clenching), measurements of masticatory muscle ac-
tivity (eg, polysomnography, electromyography) may 
be necessary. Likewise, a technique such as the so-
called ecological momentary assessment40 may be 
needed to obtain an estimate of the parafunction du-
ration in relation to ADDR and intermittent locking.

Another study limitation was the relatively small 
number of subjects found with an ADDR and in-
termittent locking, which allowed performing 
univariate logistic regression analyses with a suffi-
cient power but limited the power of the multiple 
analysis for ADDR. While ADDR is associated with 
increasing age, its lack of association with sympto-
matic TMJ hypermobility could have been due to 
the low number of ADDR cases. It is unlikely that 
limited power is responsible for the lack of asso-
ciation between ADDR and parafunction because 
the different parafunction forms did not appear to 
be risk factors for ADDR already at the univariate 
level. Furthermore, the explained variance of the 
multiple logistic regression models was low (8.1% 
for ADDR and 27.3% for reported intermittent 
locking), implying that these conditions have other 
much more important risk factors. In fact, the low 
overall model contribution suggests that the diurnal 
clenching (the weaker factor) might even be absent 
in any final model that considers stronger factors 
that were absent in this analysis. Therefore, other 
factors that lead to ADDR and intermittent lock-
ing need to be studied, preferably in larger samples 
and in a longitudinal design, allowing temporal as-
sociations and increasing the probability of finding 
cause-and-effect relationships.

Within the limitations of this study, it is concluded 
that, in adolescence, increasing age increases the risk 

of developing an ADDR, while diurnal jaw clench-
ing increases the risk of intermittent locking. Symp-
tomatic TMJ hypermobility seemed not to be a risk 
factor for either ADDR or intermittent locking. 
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